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........ 5V.>.ol.onuc,eo.ae denvaUves w«e shown . peneu..^ 

blu<x) and pancreas revealed mtac. ol.gonucleoudes. "'XL^^ 

,„e,hods of adm.n>.lrauon, .he efliuency of debve,^ .s ^Ibk^ of an ^igonucleo.ide lo,u,n on m,.. ear hcl.ce, 

„rohK.n.deo.ide pene.ra.on IXal'^.r. ol.on.cleondc dehver, ,n-o n,o.. ,hrou^ ..,n can 

rfsulii m reproducible accuimilaiion VI idJiCiicimiy m im- ^ . ^- j,,.^ 



^MM^] »" '^"^ . 

be improved by using eleclrophorctu- prixrdurc 

Oligonui. 



ieolide adminislraiion; OligonudcoUcle dc^^raiiauun, i):u. deiivcy ractn.xt^ 



1. INTRODUCTION 

The possibility to use oligonucleotide derivatives and 
analogs lor regulation of gene expression and suppres- 
sion of viruses multiplication in tissue cultures and the 
data of the first animal tests [1,2] have stimulated stud- 
it^ on pharmacokinetics of these compounds [3,4). We 
have found that ohgonucleotide derivatives that are m- 
iroduced into mice intravenously (i.v.) or intrapentone- 
aily (i.p.) enter all tissues and organs of the animals 
except the brain; they are excreted with urine and sur- 
vive m blood and organs for about 1 h [5], which seems 
sulhcient time for them to affeci the target nucleic acids. 
To test alternative methods of administration, we intro- 
duced oligonucleotide derivatives into mice intrana- 
sally, intravaginaily, per os, per rectum, and by ditlerenl 
methods through the undamaged skin. We have found 
ihat ohgonucleotide derivatives did penetrate into the 
animals although with lower efficiency as compared to 
the 1 p. route. Tliey were found in various organs and 
ussucs less degraded as compared to the i.p. injected 
conipounds. 

2. M.^TERIALS AND METHODS 

The exp<:nments v.cr. pcrtonncd wuh the 5'-^^P lab<;led oligadc- 
o.>nuclcouae pTG ACCCTCITCCCATT The V-phosphale of itie 
ohg..iucl.oUvic wa. .otyi;K^icd to b^nzylnmine, to protect it trom 
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pho.ph-it---[^l t qualqLianlK.cs(?nmol. 2x10 cpm) ot the 
labeled bciuyUauae oli^onudcondc derivative (BzpE.J were intro- 
duced m balb C mice. B^E,, m 200 ^1 of physiological salt solution 
was introduced mlrapentoneally. inlranasally (dropwi^ into the nose 
holes toul volume S /ii). per OS (dropwise into the mouth of mtce. 30 
uurav^i^imdly (by Gilson pipette into the vagma of mice, 10;il) 
^ud TL^CLallv (m ihe distal part of the rectum. 10 pi). Apphcation onto 
.km was peiform«i as follows: lO/il of the oligonucleotide solution 
com.mmrf equ4) volumes of water, glyceio) and Iwcen SO was applied 
onto the "skin of eat helices of mice, Spca^l attention w.. paid lo 
prcventmg the .auce from lickmg the solution applied, t. cctro- 
nhorcMses through skm of the ammals were performed m sah solution, 
^^ atummmm cathode covered b> 1.5 < 1 5 cm Whatman 3MM paper 
which hud been soaked with 100^1 of the solution containmg 0.15 M 
NaCl and 2 nmo! (2 ;< 10' cpm) B/pF, . was ptod under the stomach 
of the immobilued mouse. An alummium anode with the paper was 
put on the wel back of the mouse. Klectrophon^is was run ior 20 mm 
at 2 mlA Typically the mice were decapitated 2u mm after the admin- 
i.lruuon of ohifonuacotides Sample, of tissues were weighed and 
counted m ii iNUid scintillation counter Blood and p^increas samples 
wete homogcm/ed and extracted with an equal volume ot phenoL 
Ahquois of the aqueous phases were diluted by 0.5 vol. of glycerol and 
.naly/ed by gel electrophoresis m 20-;t PAACi .n 7 M urea followed 
by autoradIOi^Iaphy 



V KESlJL'iS AND DISCUSSION 

r ig. I show^ distribution of the label among mice 
organs after admmistration of the oligonuclcoude de- 
nvauve by dilleient methods Considerable amount ul 
the compounds entered the organism 20 min after they 
had been applied, intranasal and oral routes provided 
5-20% of ihe delivery efliciency achieved by the i.p. 
injection 1 e. c<mcentratit)n of the oligonucleoiides m 
the blood wa^ up to 3 /vM in the former versus D /vM 
ill the laile: ca.sc. These concentrations tit the concen 
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tiaiioa range required for tlie oligonucleotide deriva- 
tives to dtYect largel viral and cellular nucleic acids [5]. 
By intravaginal and rectal administration of oligonucle- 
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hig 2 SiubiiJly of oLgoimcleoiidc derivatives introduced in mice b> 
.unucnx routes. Tlic cM'c^n.uenul conditions were as dcscnbed m the 
le(4cnU lu hife 1 and ^ccuoa 2. The radioaciivtty of the blo(xl sampic;. 
todd-nambered lanes on ihe gel) and pancreas samples (even-nuin- 
bcrcd Unes) wai analyzed by electrophoresis under denaturing condi- 
tions, (20% HAAG, 7 M urea) (1.2) intranasal admmiatration (3,4) 
inUdvaginal administration; (5,6) administration per os; (7.8) i.p. m- 
jcxtiuh B/pU^,. puvliun of the muial oligonucleotide derivative 
B/pN, pt^Miion ot the nK>nonucieotide dcnvaUvc. 



olides, the conceutrattou of the labeled compound in 
organs was 5 10 timeb lower than by intranasal and oral 
methods. Application of ihc aqueous ohgonucleotide 
solution onio the skin yielded a small amount of radio- 
activity only ui the liver and kidney. However the use 
of ihe clcctrophoretic procedure for oligonucleotide de- 
livery through the skin allows to achieve considerable 
radioactivity in all organs (Table i). Application of a 
detergent lotion with oligonucleotide also gave increas- 
ing levels of the label in mouse organs. 

Vv^aievcr method of administration was used, thi; 
oligonucleotide distribution between organs was more- 
or-less the same. It differed considerably from the disln- 
bution of inorganic phosphate when most radioaclivit> 
remained m the bloodstream even after a few hours post 
injection (data not shown). U means that there is one 
mechanism of transport of the oligonucleotides into or- 
gans: transportation by the bloodstream followed by 
uptixke by Ihe oelb, which probably includes specihc 
oligonucleoiide binding to cellular receptors [6]. Re^ 
ccntly we h.ive shown the existence of such cellular re- 
ceptors ui some organs of mice and have found that the 
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The ohKonudeolulr^ were mlnnni.tcred .us dcv.ritn'd in section 2 I 
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number of receptors correlated with the quantity oi the 
labeled oligonucleotide internalized by the organs [5]. 

Fig. 2 shows results of electrophoretic analysis of the 
radioactive matenal from blood and pancreas of mice 
20 mm after the administration of the labeled oligonu- 
cieoiide derivatives. In all samples undegraded oligonu- 
cleotides are present in reasonable amounts: 10-70% ol 
total radioactivity. Accumulation of the ^^P inorganic 
phosphate m the blood is observed when the oligonucle- 
otides are injected i.p. and per os. It can be explained 
by the increased activity of macrophages and nucleases 
in the peritoneal cavity and intestines and by the fact 
that the oligonucleotides reach the blood already par- 
tially degraded. It should be noted that formation of 
large amounts of inorganic phosphate without consider- 



able dei^raoaiion of the remaining oligonucleotide 
points to high phosphoramidase activity, which de- 
taches the bcn/ylaimde residue from the oligonucleotide 
and unm.t^ks the 5'-^^P phosphate to phosphatase at- 
tack In the pancreas, the degradation of the oligonucle- 
otides seems somewhat slower than m the blood. This 
obviously means* that the pancreatic cells select preler- 
enlially undegraded oligonucleotides from the blood. 
Here we .usfKct functioning of the oligonucleotide 
biiidiMg fv.-.cpiufs on pancicdtic cells, which can seieci 
unJogiad^J oligonucleotides. It was found that the 
CD4 recej.lor binds long oligonucleotides more lightly 
than the short ones, and that the oligonucleotides 
shorter th.- a 5-mer do not bind to the receptor at all [71. 
A less pronoiinced dei^radalion of the oligonucleoti- 
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dc, uas obscrvai ui Uil' case of the mtravagiiul 

appliCatiuil. 

Ihc iniraniisal ao.orplion of oligonucleotides is 
raihci blow ai high oligonucleotide doses (5 nmol per 
duimalj. Increase in ihe absorbed radioactivity ha;, been 
observed for up lo 2 h ulster the apphcalion (Fig. 4). The 
Ic^s ethcicnl uptake at high doses and non-linear de- 
pendence of the ab^r)t bed material on the doses applied 
(fMg. 5} may suggest functioning of a saturable uptake 
mechanism. 

The described experiments evidence thai the ohgonu- 
cleotides can penetrate into mice through the nasal, 
rectal and vaginal mucosa and even through the skin. 
Taking into account the existence of specific nucleic 
acid binding cellular receptors [6,8] we suggest that the 
mechanism of oligonucleotide penetration be transcyto- 
sis through the mucosa cells. This makes one optimistic 
about the prospects of the in vivo use of natural ol- 
igonucieoLidcs. Appdiently, topical application of ol- 
igonucleotides to treatment of local lesions caused by 
virLi..es hke the papilloma virus can be envisioned. 
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